By means of piecewise continuous vector functions, which are analogues of the classical Lyapunov functions and via the comparison method, sufficient conditions are found for conditional, stability of the zero solution of a system of impulsive differential-difference equations.
Introduction
The mathematical modelling of many real processes and phenomena in physics, biology, population dynamics, bio-technologies, control theory, etc., leads to the study of differential equations whose solutions are discontinuous functions, such as the so-called impulsive differential equations.
Impulsive differential-difference equations are a natural generalization of impulsive ordinary differential equations ( [2, 3, 13] ). These equations adequately model processes which are characterized by jumps in state as well as by the fact that the process under consideration depends on its history at each moment of time. Such a generalization of the notion of an impulsive differential equation enables us to study different types of classical problems as well as to "control" the solvability of differential-difference equations (without impulses). For example, the scalar autonomous ordinary differential-difference equation D.D. Bainovandl. M. Stamova [2] commonly known as the logistic equation with time delay r, is most frequently employed in modelling the population dynamics of a single species, where N(t) is the population at time t, r is the growth rate of the species, and AT is the carrying capacity of the habitat. The per-capita growth rate in (1) is a linear function of the population N (and can be termed the density of the population). Equation (1) , called Hutchinson's equation [10] , has been studied by many authors: see for example Cunningham [8] , Gopalsamy [9] , Kuang [11] , Zhang and Gopalsamy [18, 19] . It can be used to describe certain control systems. Similar equations can also be used in economic studies of business cycles. One can also use such models in mathematical ecology.
If the population of a given species is regulated by some impulsive biotic and anthropogeneous factors at certain moments of time it is not reasonable to expect a regular solution. Instead, the solution must have some jumps at these moments and the jumps follow a specific pattern. An adequate mathematical model of the dynamics of the population in this case will be an impulsive differential-difference equation of the form
and N (t k +0) are respectively the population density before and after impulsive perturbations, and a k are functions which characterize the magnitude of the impulse effect at the moments t k .
By means of models of type (2), it is possible to investigate one of the most important mathematical ecology problem-the problem of ecological system stability and consequently the problem of the optimal control of such systems.
A wider application of impulsive differential-difference equations in the description of a number of real processes requires the formulation of effective criteria for stability of their solutions ( [1, 4, 5, 6, 7] ).
In the present paper we study the conditional stability of the zero solution of an impulsive system of differential-difference equations with fixed moments of impulse effect by means of vector Lyapunov functions. The priorities of this approach are useful and well known in investigations into the stability of the solutions of differential and differential-difference equations ( [12, 14, 15] ).
The investigations of the present paper are carried out by virtue of piecewise continuous functions, which are analogues to the classical Lyapunov functions ( [17] ). Sufficient conditions are proved for conditional stability of the zero solution for a system of impulsive differential-difference equations with fixed moments of the impulse effect, by means of comparison with an impulsive vector equation and differential inequalities. A technique is applied, based on certain minimal subsets of a suitable space of piecewise continuous functions, from which the derivatives of the piecewise continuous auxiliary functions are estimated ( [14, 16] ).
Statement of the problem. Preliminary notes
Let R" be the n-dimensional Euclidean space with elements x = colfo,... ,x n ) and norm |x| = Q X i •*! ) 1/2 -ljSt R + -I°» °°)»he R+andtoeR. We consider the system of impulsive differential-difference equations 1. For to -h < t <tothe solution x(t) satisfies the initial conditions (4). 2. The solution x(t) is a piecewise continuous function for t > to with points of discontinuity of the first kind i* > to, k = 1,2,..., at which it is continuous from the left, that is, at the moments of impulse effect x k the following relations are valid: 
\y(t)=f(t,y(t),x(t-h \y(Xj+h)=x(Xj+h),
and ifxj+h = x k foij =0,1,2, ...,k= 1,2,..., then in the interval [r, + h, r i+1 ] the solution x(t) coincides with the solution of the problem
h(t)=f(t,y(t),x(t-h + O)), \y(Xj +h)= x(xj +h) + h(x(xj + h)).

D. D. Bainovandl. M. Stamova [4]
We now introduce some notation. Let JT be the class of all continuous and strictly increasing functions a : R+ -> R+, such that a(0) = 0; ||^»|| = sup ieh _ fc<lb j \<p(s)\ is the norm of the function <p € PCOb);
We also introduce the following conditions. HI. Thefunction/ is continuous in Ob, oo)xR n xR" and/ is Lipschitz continuous with respect to its second and third arguments uniformly on t e Ob, oo).
H2. f(t,0,0) = 0,te(t 0 ,oo).
We define the sets (f) Conditionally uniformly globally asymptotically stable with respect to M (n -I), if it is conditionally uniformly stable and conditionally uniformly globally attractive with respect to M(n -I). Together with the system (3) we shall consider the following system of impulsive ordinary differential equations 
D. D. Bainov and I. M. Stamova [6]
We shall consider solutions u(t) of the system (S) for which u(t) > 0 and hence the following definitions on conditional stability of the zero solution of this system will be used. DEFINTION (
e) Conditionally globally equi-asymptotically stable with respect to R(m -I), if it is conditionally stable and conditionally globally equi-attractive with respect to R(m -1). (f) Conditionally uniformly globally asymptotically stable with respect to R {m -I), if it is conditionally uniformly stable and conditionally uniformly globally attractive with respect to R(m -I).
Our attention will now turn to piecewise continuous auxiliary vector functions which are analogues of the classical Lyapunov functions ( [17] ). Further on, we will also use the following functional classes:
x is a piecewise continuous function in (to, co) with points of discontinuity of the first kind where it is continuous from the left}; [7] Impulsive differential-difference equations 347
£2 0 = [x € PC[[to, oo), /?"] : V(s,*(s)) < V(t,x(t)), t -h < s < t, t>to,VeV o ).
Let V € V o for t € (to, oo), f ^ r t , it = 1,2,... and at e PC[[Jb, oo), /?"]. We also introduce the function
D.V(t,x(t)) = lim M-[V(t + o,x(t) + of(t,x(t),x(t-h)))-V(t,x(t))].
LEMMA 1 ( [5, 6] t + 0,x) = 0, ik = 1 , 2 , . . . , / } is (n -/ ) -dimensional manifold in R", containing the origin, I < n.
..., and the inequality D-V(t,x(t)) < F{t, V(t,x(t))), t * x
7. The following inequalities are valid:
a € Jf; D_V(f,x(r))<F(/, V(r,x(r))), r^r*. * = 1,2
for t > to and x G S2o5 
V(t,x(t)) < u + (t;to, V(to,<p o (to))), t > to.
The last inequality and (6) imply the inequalities
a(\x(t)\)e < V(t,x(t)) < u + (t;to, V(to,? 0 0b))) < a(s)e
for t > to + T. Therefore \x(t; to,<Po)\ < e foi t > to + T, which leads to the conclusion that the zero solution of the system (3) is conditionally globally equi-attractive with respect to the manifold M(n -I). Since all the conditions of Theorem 1 are fulfilled and the zero solution of the system (10) is conditionally stable with respect to the manifold R(2) ([2]), then the zero solution of the system (9) is conditionally stable with respect to the manifold Af (2).
A second model
In this section we study the physical model z(t) = (cost-e-')x(t-h) + (e-'-cost)y(t-h) + (e"'+cost)z(t-h), 
